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Wind power industry is developing rapidly, more and more
wind farms are being connected into power systems. In the0966711300, mobile: +20
edu.eg (O. Noureldeen).
y. Production and hosting by
Shams University.
lseviernext years, there will be more signiﬁcant growth in wind
energy. Although the great development in the technology of
electrical generation from wind energy, there is only one way
of generating electricity from wind energy is to use wind tur-
bines that convert the energy contained in ﬂowing air into elec-
tricity. Fixed speed wind turbines utilize squirrel cage
induction generator directly connected to the grid to produce
the electricity. These induction generators which are usually
connected at weak end of a grid or at distribution networks
draw large amount of reactive currents during disturbances
such as faults. Consequently under these conditions the termi-
nal voltage and the electrical output power are signiﬁcantly
reduced, whereas the mechanical torque may be still applied
to the wind turbine and the rotor speed increases [1]. After
fault clearance the generator needs reactive power for voltage
recovery, however this reactive power to be supplied by net-
work which in turn causes a voltage drop, so the machine
2 O. Noureldeen et al.terminal voltage cannot be recovered. If the voltage could be
recovered and the generator speed is not too high, torque
could be restored and the wind turbine may restore its normal
operation eventually. Otherwise the generator would continue
to accelerate and the rotor speed and reactive power consump-
tion will increase, so the terminal voltage decreases further. If
the rotor speed exceeds a certain critical value the generator set
becomes unstable, thus must be tripped out by over speed pro-
tection devices [2]. As for cases in which a large amount of
power is supplied by generators, theses generators should stay
connected to the grid. Therefore, the stability becomes an
important problem and has recently attracted considerable
attention [3]. Various methods of stability improvement have
been presented by researchers. The pitch control system is used
to control the power output of the wind turbine and also for
stabilization of the wind turbine at grid faults. When a fault
occurs in the external power system, the blade-angle control
orders the mechanical system to reduce the wind turbine
mechanical power to improve stability. For ﬁxed-speed rotor
short-circuited induction generators, it is not possible to con-
trol the input mechanical power, and therefore the effective ap-
proach would be the use of reactive power compensators such
as Static Synchronous Compensator STATCOM or Static Var
Compensator SVC to help the voltage recovery. Squirrel cage
induction generators can become easily unstable under low
voltage conditions, as low terminal voltage lead to: larger rotor
slip, larger reactive power consumption, further lowering of
terminal voltage, and this may lead to disconnecting the tur-
bine. Initial low voltage conditions may be originated by con-
ditions different than faults. So that the wind turbines can be
equipped with a controllable source of reactive power to deli-
ver the reactive power required to accelerate the voltage resto-
ration [4]. Since the induction generators do not perform
voltage regulation and absorb reactive power from the utility
grid, they are often the source of voltage ﬂuctuations [5].
The ability of a wind power plant to stay connected during dis-
turbance is important to avoid the time of reconnection
process, which need from 4 to 5 min and also to avoid cascad-
ing disturbance due to lack of generation. Furthermore it is
economically convenient to handle the fault, without discon-
necting the wind turbine from the grid [6–8]. It is necessary
to examine the responses of SCIG wind farm during the faults
and possible impacts on the system stability. In this paper, the
impacts of fault location and its duration time on 9 MW wind
farm interconnected grid are studied by monitoring the active
power, reactive power, and bus voltage of the wind farm. Also,
the contribution of STATCOM to support the wind farm dur-
ing different fault locations and durations are studied.
2. Model of wind turbine system
2.1. Wind turbine model
The mechanical power and the aerodynamic torque developed
by a wind turbine are given by
Pw ¼ pqr
2
2
v3windCpðk; bÞ ð1Þ
where Pw is the mechanical output power captured from the
turbine (W), q is the air density (kg/m3), r is the radius of
the turbine (m), mwind is the wind speed (m/s), Cp is the powercoefﬁcient of the wind turbine, b is the pitch angle and k is the
tip speed ratio [5]. Where the tip speed ratio is deﬁned as
k ¼ xmr
vwind
ð2Þ
where xm is the angular speed of turbines (rad/s). One of the
methods used to calculate the power coefﬁcient Cp by using
a generic equation is [4]:
Cpðk; bÞ ¼ 0:5176 116ki  0:4b 5
 
e
0:0068
ki þ 0:0068k ð3Þ
where ki is given by:
1
ki
¼ 1
kþ 0:08b
0:035
b3 þ 1 ð4Þ2.2. Generators model
According to a standard per-unit notation [9], in the synchro-
nously rotating frame, the induction generator can be repre-
sented by the detailed differential equations of the ﬂux
linkages. All stator and rotor quantities are in the arbitrary
two-axis reference frame (d–q frame). The used subscripts are
deﬁned as follows: d: d-axis quantity, q: q-axis quantity, r: ro-
tor quantity, s: stator quantity.
vsd ¼ Rsisd  xswsq þ
1
xB
pwsd ð5Þ
vsq ¼ Rsisq þ xswsd þ
1
xB
pwsq ð6Þ
vrd ¼ Rrird  sxswrq þ
1
xB
pwrd ð7Þ
vrq ¼ Rrirq þ sxswrd þ
1
xB
pwrq ð8Þ
where xs is the synchronous speed (in per-unit, xs = 1); xB is
the system base frequency which is equal to the synchronous
frequency, xB = 2pf; p is the d/dt operator. The electromag-
netic torque, Te can be expressed as
Te ¼ Lmðisdirq  isqirdÞ ð9Þ
The constitutive ﬂux linkage current relationships are
wsd ¼ Lssisd  Lmird ð10Þ
wsq ¼ Lssisq  Lmirq ð11Þ
wrd ¼ Lmisd  Lrrird ð12Þ
wsd ¼ Lmisq  Lrrirq ð13Þ
where Lss is the summation of leakage inductance Ll and mu-
tual inductance Lm.
Considering generators are usually represented as a voltage
source behind transient impedance in power system stability
studies, the detailed transient model of Squirrel Cage Induc-
tion Generator SCIG can be established as (where the d and
q components of rotor voltage are zero, respectively).
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xsxB
pisd ¼  Rs þ
X X0
To
 
isd þ X0isq þ ð1 sÞEd
 1
To
Eq  vsd ð14Þ
X0
xsxB
pisq ¼  Rs þ
X X0
To
 
isq þ X0isd þ ð1 sÞEq
 1
To
Ed  vsq ð15Þ
1
xsxB
pEd ¼ 
1
To
Ed  ðX X0Þisq
 þ sEq ð16Þ
Te ¼ Edisd þ Eqisq ð17Þ
where X ¼ xsLss, X0 ¼ xs Lss  L
2
m
Lrr
 
, T0 ¼ LrrxsRr, Ed ¼ xsLmLrr wrq,
Eq ¼ xsLmLrr wrd.
2.3. Drive train model
Considering the features of low stiffness of the shaft between
the turbine and generator, the two-mass drive train models
can be expressed as
2HM
dxM
dt
¼ Tm  Kshs ð18Þ
2HG
dxG
dt
¼ Kshs  Te ð19Þ
dhs
dt
¼ xB  ðxM  xGÞ ð20Þ
where HM and HG are the inertia constant of the wind turbine
rotor and the generator rotor respectively. xM and xG are the
wind turbine and generator speed respectively. Ks is the shaft
stiffness and hs is the shaft twist angle.
3. STATCOM model
Fig. 1 shows the basic model of a STATCOM which is con-
nected to the wind farm bus through a coupling transformer.
The STATCOM is designed using a power electronic Voltage
Source Converter VSC. The function of the VSC is a fully con-
trollable voltage source matching the system voltage in phase,
frequency, and with amplitude which can be continuously and
rapidly controlled, so as to be used as the tool for reactive
power control. The VSC can inject or absorb reactive power
to/from the bus where it is connected via a coupling trans-
former. The output of the controller Qc is proportional to
the voltage magnitude difference (Vc – V) and is given by the
following equation
Q ¼ VðVc  VÞ
X
ð21Þ
In a STATCOM, the maximum compensating current is
independent of system voltage, so it operates at full capacity
even at low voltages. A STATCOM’s advantages include ﬂex-
ible voltage control for power quality improvement, fast re-
sponse, and applicability for use with high ﬂuctuating loads.
Fig. 1 also shows the block diagram of the STATCOM con-
troller. The fundamental component of the generated voltage
Vc is controlled by varying the DC bus voltage. The STAT-COM control system task is to increase or decrease the capac-
itor DC voltage, so that the generated voltage Vc has the
correct amplitude for the required reactive power. During stea-
dy-state operation, the STATCOM control system must keep
the generated voltage Vc in phase with the system voltage V ex-
cept a small phase shift is allowed for active power required by
transformer and inverter losses. The voltage and current mea-
surement systems compute the positive sequence components
of the STATCOM voltage and current respectively using
phase-to-dq transformation. The voltage regulator block is a
PI controller which computes the reactive current reference
Iq-ref uses the measured voltage mean value Vmean and refer-
ence voltage value Vref. The current regulator block is a PI
controller which computes the phase shift angle of the inverter
voltage with respect to system voltage. For example, when the
system voltage Vmean decreases than Vref, the voltage regulator
output is a positive Iq-ref. Then the current regulator will in-
crease the phase shift angle lag inverter voltage with respect
to system voltage to generate more capacitive reactive power.
4. Case study
4.1. Studied system description
Fig. 2 shows a single line diagram of a typical ﬁxed speed wind
power plant under study. A simulation model of a wind farm
consisting of six 1.5 MW wind turbines is connected to a
25 kV distribution system exports power to a 120 kV grid
through a 25 kV feeder. The main data of SCIG and system
parameters are described in Table 1. The 9 MW wind farm is
simulated by three pairs of 1.5 MW SCIG wind turbines. The
stator winding of SCIG is connected directly to the 60 Hz grid
and the rotor is driven by a variable pitch wind turbine. The
pitch angle is controlled in order to limit the generator output
power at its nominal value for winds exceeding the nominal
speed (9 m/s). Fixed capacitor banks are connected at low volt-
age bus of each wind turbine (400 KVAR for each pair of
1.5 MW turbines) which supplies the constant no load demand.
A 3 MVAR STATCOM is connected at the main bus B25. The
bus B25 is the main bus of the wind farm which connects the
wind farm with the grid, so in this paper this bus is taken as
the monitoring point of the whole studied wind farm. The mon-
itoring equipments (measurement equipments) are placed at the
main bus B25 for monitoring: the total exported (generated) ac-
tive power from the wind farm to the grid, the total absorbed
reactive power from the grid and the terminal voltage at the
main bus of the wind farm. Each wind turbines has a protection
systemmonitoring voltage, current and generator speed. The set
parameters of the protection system are illustrated in Table 2.
The wind farm must stay connected during fault, with the volt-
age at interconnection point dropping to zero for the duration of
nine cycles (150 ms based on 60 Hz frequency) [10]. This time is
generally needed for the transmission system protective equip-
ment to clear the fault. Therefore, to study the effect of fault
duration it must not exceed than 150 ms. The simulation model
is carried out using the MATLAB SimPowerSystems toolbox.
4.2. Simulation scenario
The system is studied at steady state condition and fault state
condition. At the fault state, the voltage, active power and
Figure 1 Basic model of a STATCOM.
Figure 2 Single line diagram of the studied system.
4 O. Noureldeen et al.reactive power are monitored at the main bus B25. The
behavior of the wind power plant is recorded during fault
events and after fault clearance. The studied wind farm oper-
ates at the nominal wind speed of 9 m/s, so the wind turbines
operate at nominal values. During fault period, it can be as-
sumed that the wind speed does not change. To study the ef-
fect fault location, the simulation is performed when the
fault occurs at points P1 and P2 as shown in Fig. 2. The ﬁrst
faults location at the point P1 about 1 km from the wind tur-
bines and the second fault location at the point P2, about25 km from the main wind farm main bus B25. In this paper,
the fault duration times are varied between 80 ms and
150 ms. The system is studied twice: one without STATCOM
connection, and the other with STATCOM connection.
5. Simulation results and analysis
The effect of fault location and its duration on the stability of
the wind farm connected grid are studied for different fault
types as single line to ground fault, double line to ground fault,
Table 1 SCIG data and system parameters.
SCIG parameters
Rated power (MW) 1.5
Rated voltage (V) 575
Rated frequency (Hz) 60
Stator resistance (pu) 0.004843
Rotor resistance (pu) 0.004377
Stator leakage inductance (pu) 0.1248
Rotor leakage inductance (pu) 0.1791
Mutual inductance (pu) 6.77
Transmission line parameters
Positive sequence resistance (X/km) 0.1153
Zero sequence resistance (X/km) 0.413
Positive sequence inductance (H/km) 0.00105
Zero sequence inductance (H/km) 0.00332
Positive sequence capacitance (F/km) 11.33e9
Zero sequence capacitance (F/km) 5.01e9
Figure 3 Variations of the voltage, active power, and total
absorbed reactive power during single line to ground fault at
different fault locations – without STATCOM.
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tion on the behavior of the wind farm, the operation of the
wind farm under different fault types are monitored twice,
one when the fault occurs at the ﬁrst fault location P1 about
1 km from wind turbines, and the other when the fault occurs
at the second fault location P2 about 26 km from wind tur-
bines. Also, to study the effect of fault duration time on the
behavior of the wind farm, the operation of the wind farm un-
der different fault duration times is monitored when the fault
occurs at the point P1. The fault duration time is varied be-
tween 80 and 150 ms. The effect of a 3 MVAR STATCOM
on the behavior of the wind farm are studied for all cases.
5.1. Effect of fault location
Fig. 3 shows the variation of wind farm terminal voltage, gen-
erated active power, and absorbed reactive power when a sin-
gle line to ground fault occurs at the points P1 and P2. During
fault period, the voltage of the main bus B25 is decreased to
0.8017 pu when the fault occurs at point P1, and it decreases
to 0.8541 pu when the fault occurs at point P2. Also, the total
exported active power at bus B25 decreases to 7.8329 MW
when the fault occurs at point P1, and it decreases to
7.8523 MW when the fault occurs at point P2. After fault
clearance, the total absorbed reactive power from the grid is
increased; this increasing when the fault occurs at point P1 is
4.4041 MVAR while in the case of second fault location P2,
it is increased to 4.0937 MVAR. As shown in Fig. 3, it is clear
that the wind power plant has the ability to stay connected
under this fault condition without STATCOM connectionTable 2 Protection set parameters of SCIG wind turbine.
Parameter Minimum value (pu)
AC under/over voltage 0.75
Under/over rotor speed 1
Maximum value (pu)
AC current 1.1
AC current unbalance 0.4
Voltage unbalance 0.05either when the fault occurs at P1 or P2. Fig. 4 shows the vari-
ations of wind farm terminal voltage, generated active power
and absorbed reactive power in case of single line to ground
fault which occurs at points P1 and P2 in case of STATCOM
connecting. During fault period, the voltage of the main bus
B25 is decreased to 0.8542 pu when the fault occurs at point
P1, and it decreases to 0.9150 pu when the fault occurs at point
P2. Also, the total exported active power at bus B25 decreases
to 7.9821 MW when the fault occurs at point P1, and it de-
creases to 8.0014 MW when the fault occurs at point P2. After
fault clearance, the total absorbed reactive power from the grid
is increased; this increasing when the fault occurs at point P1 is
2.1884 MVAR while in the case of second fault location P2 it is
increased to 1.9884 MVAR. It is clear that, the STATCOM en-
hances the wind farm terminal voltage. Also the absorbed
reactive power from the grid is decreased.
Fig. 5 shows the variation of wind farm terminal voltage,
generated active power and absorbed reactive power in case
of double line to ground fault occurs at the points P1 and
P2. During fault period, the voltage of the main bus B25 is de-
creased to 0.4035 pu when the fault occurs at point P1, and it
decreases to 0.5499 pu when the fault occurs at point P2. Also,Maximum value (pu) Delay time (s)
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6 O. Noureldeen et al.the total exported active power at bus B25 decreases to
3.8244 MW when the fault occurs at point P1, and it decreases
to 4.9580 MW when the fault occurs at point P2. After fault
clearance, the total absorbed reactive power from the grid is
increased; this increasing when the fault occurs at point P1 is6.3629 MVAR, while in the case of second fault location P2
it is increased to 5.734 MVAR. As shown in Fig. 5, it is clear
that the wind power plant has the ability to stay connected to
grid in case of double line to ground fault without STATCOM
connection, either when the fault occurs at the ﬁrst fault loca-
tion P1 or when the fault occurs at the second fault location
P2, then at the both cases after fault clearance, the system re-
turns back to steady state operation as the pre-fault fault per-
iod. Fig. 6 shows the variation of wind farm terminal voltage,
generated active power and absorbed reactive power when a
double line to ground fault occurs at the points P1 and P2 in
case of STATCOM connecting. During fault period, the volt-
age of the main bus B25 is decreased to 0.4336 pu when the
fault occurs at point P1, and it decreases to 0.6061 pu when
the fault occurs at point P2. Also, the total exported active
power at bus B25 decreases to 3.9451 MW when the fault oc-
curs at point P1, and it decreases to 5.4154 MW when the fault
occurs at point P2. After fault clearance, the total absorbed
reactive power from the grid is increased; this increasing when
the fault occurs at point P1 is 4.0008 MVAR while in the case
of second fault location P2 it is increased to 3.1033 MVAR.
The effect of three-line to ground fault on the behavior of
the wind farm is shown in Fig. 7 and Fig. 8. As shown in
Fig. 7 when the system operates without STATCOM, the main
bus voltage falls to zero when the fault occurs at point P1, and
it decreases to 0.2171 pu when the fault occurs at point P2.
Also, the total exported active power at bus B25 falls to zero
when the fault occurs at point P1, so the protection system
trips the wind farm because the under voltage duration time
exceeding the protection delay time. The generated active
power decreases to 0.8594 MW when the fault occurs at point
P2. After fault clearance, the total absorbed reactive power
from the grid is 1.2735 MVAR when the fault occurs at point
P1, it is the reactive power which generated by the ﬁxed capac-
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power is increased to 7.6580 MVAR. It is clear that, when the
STATCOM is disconnected the wind farm cannot stay con-
nected to the grid in case of three line to ground fault occurs
at point P1 but it has the ability to stay connected to the grid
when the fault occurs at point P2. Fig. 8 shows the effect of
three-line to ground fault on the wind farm behavior whenthe STATCOM is connected. During fault period, the voltage
of the main bus B25 is fall to zero when the fault occurs at
point P1 and it decreases to 0.2742 pu when the fault occurs
at point P2. Also, the total exported active power at bus B25
falls to zero when the fault occurs at point P1, and it decreases
to 1.2666 MW when the fault occurs at point P2. After fault
clearance, the total absorbed reactive power from the grid is
increased; this increasing when the fault occurs at point P1 is
6.1798 MVAR, while in the case of second fault location P2
it is increased to 5.1214 MVAR. When the STATCOM is con-
nected the wind power farm has the ability to stay connected
under three-line to ground fault when the fault occurs at the
ﬁrst fault location P1 or when the fault occurs at the second
fault location P2. In case of STATCOM connecting, the main
bus voltage collapse time is less than the protection system de-
lay time, therefore the wind farm stay connected to the grid. It
is clear that the generated electrical power is proportional to
the terminal voltage. Therefore, at low terminal voltage during
fault period, a small amount of electrical power can be deliv-
ered to the grid. Also, the generator will accelerate due to
the unbalance between mechanical power extracted from the
wind and electrical power delivered to the grid. When the volt-
age restores, after fault clearance, the generator will consume
reactive power, impeding the voltage restoration. When the
voltage does not return quickly enough, the generator contin-
ues to accelerate and consumes even large amount of reactive
power.
5.2. Effect of fault duration
In this section the effect of fault duration time is studied for the
different fault types, the studied faults occur at point P1. Fig. 9
shows the behavior of the wind farm when a single line to
ground fault occurs for 88 ms and 150 ms duration times. As
shown in Fig. 9, during fault period the voltage of the main
bus B25 is decreased to 0.8017 pu when the fault duration time
is 88 ms, and it is decreased to 0.7929 pu when the fault dura-
tion time is 150 ms. Also, the total exported active power from
the wind farm is decreased, this decreasing in the case of 88 ms
is 7.8329 MW and it decreases to 7.6865 MW in the case of
150 ms fault duration. After fault clearance, the total absorbed
reactive power from the grid is increased to 4.4041 MVAR in
the case of 88 ms fault duration, and it increases to 4.8292
MVAR in the case of 150 ms fault duration. It is clear that,
the wind power plant has the ability to stay connected under
this fault condition without STATCOM connection either
when the fault occurs for 88 ms or 150 ms, so at both cases
the system returns back to steady state operation. Fig. 10
shows the effect of fault duration time on the behavior of
the wind farm in case of STATCOM connecting in case of sin-
gle line to ground fault. During fault period, the voltage of the
main bus B25 is decreased to 0.8543 pu when the fault dura-
tion is 88 ms, and it decreases to 0.8466 pu when the fault
duration time is 150 ms. Also, the total exported active power
from the wind farm is decreased to 7.9821 MW in case of
88 ms fault duration, and it decreases to 7.9162 MW in case
of 150 ms fault duration. After fault clearance, the total ab-
sorbed reactive power from the grid is increased to 2.1831
MVAR in case of 88 ms fault duration, and it increases to
2.3033 MVAR in case of 150 ms fault duration. It is clear that,
in case of single line to ground fault, the wind power farm has
the ability to stay connected under this fault condition with
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Figure 9 Variations of the voltage, active power, and total
absorbed reactive power during single line to ground fault at
different fault durations – without STATCOM.
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Figure 10 Variations of the voltage, active power, and total
absorbed reactive power during single line to ground fault at
different fault durations – with STATCOM.
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Figure 11 Variations of the voltage, active power, and total
absorbed reactive power during double line to ground fault at
different fault durations – without STATCOM.
8 O. Noureldeen et al.and without 3 MVAR STATCOM connection either when the
fault occurs for 88 ms or 150 ms. Also, the system returns back
to steady state operation after clearing the fault.
Fig. 11 shows the behavior of the wind farm without
STATCOM when a double line to ground fault occurs for
88 ms and 97 ms duration times. As shown in Fig. 11, during
fault period the voltage of the main bus B25 is decreased to0.4035 pu when the fault duration times are 88 ms and
97 ms. When the fault duration time is equal or more than
97 ms the protection system trips the wind farm and the gener-
ated active power falls to zero. After fault clearance, the ab-
sorbed reactive power increased to 6.3629 MVAR in case of
88 ms fault duration. In case of 97 ms fault duration, the mea-
sured reactive power value is 1.2735 MVAR, it is the reactive
power generated by the ﬁxed capacitor bank, and it leads to
enhancing of the bus voltage value. Fig. 12 shows the effect
of double line to ground fault duration time on the behavior
of the wind farm in case of STATCOM connecting. During
fault period, the voltage of the main bus is decreased to
0.4336 pu when the fault duration is 88 ms, and it decreases
to 0.4302 pu when the fault duration time is 97 ms. Also, the
total exported active power from the wind farm is decreased
to 3.9451 MW in case of 88 ms fault duration, and it decreases
to 3.1095 MW in case of 97 ms fault duration. After fault
clearance, the total absorbed reactive power from the grid is
increased to 4.0008 MVAR in case of 88 ms fault duration,
and it increases to 4.2877 MVAR in case of 97 ms fault dura-
tion. It is clear that, in case of double line to ground fault, the
wind power farm has the ability to stay connected under this
fault condition with and without STATCOM connection
either when the fault occurs for 88 ms or 97 ms fault duration
time. Also, the system returns back to steady state operation
after clearing the fault.
Fig. 13 shows the behavior of the wind farm without
STATCOM when a three line to ground fault occurs for
80 ms and 88 ms duration times. During fault period, the volt-
age of the main bus B25 falls to zero when the fault duration
times are 80 ms and 88 ms. When the fault duration time is
equal or more than 88 ms the protection system trips the wind
farm and the generated active power falls to zero. After fault
clearance, the absorbed reactive power increased to 7.9810
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Figure 12 Variations of the voltage, active power, and total
absorbed reactive power during double line to ground fault at
different fault durations – with STATCOM.
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Figure 13 Variations of the voltage, active power, and total
absorbed reactive power during three-line to ground fault at
different fault durations – without STATCOM.
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Figure 14 Variations of the voltage, active power, and total
absorbed reactive power during three-line to ground fault at
different fault durations – with STATCOM.
Stability improvement of ﬁxed speed induction generator wind farm using STATCOM 9MVAR for 80 ms fault duration. Where, the measured reactive
power value is -1.2735 MVAR in the case of 97 ms fault dura-
tion and it leads to enhancing of the bus voltage value as
shown in Fig. 13. When the STATCOM is disconnected, in
case of three-line to ground fault with duration time of
88 ms, the wind farm cannot stay connected to the grid and
the protection system trips it from the grid. Fig. 14 showsthe effect of three-line to ground fault duration time on the
behavior of the wind farm in case of STATCOM connecting.
During fault period, the voltage of the main bus and the mea-
sured active power nearly falls to zero in cases of 80 ms and
88 ms fault duration times. After fault clearance, the total ab-
sorbed reactive power from the grid is increased to 5.7585
MVAR in case of 80 ms fault duration, and it increases to
6.1798 MVAR in case of 88 ms fault duration. It is clear that,
in case of three line to ground fault, the wind power farm has
the ability to stay connected under this fault condition with
and without STATCOM connection either when the fault oc-
curs for 80 ms or 88 ms duration time. Also, the system returns
back to steady state operation after clearing the fault.
6. Conclusion
The effect of fault location and fault duration time on the
behavior of the wind farm interconnected grid during different
fault types are studied. Also, the impacts of the Static Synchro-
nous Compensator STATCOM on the stability of the system
during different fault locations and different fault duration
times are studied. A simulation model of 9 MW SCIG wind
farm interconnected grid is investigated. The wind farm termi-
nal voltage, the exported active power, and the absorbed reac-
tive power are monitored in steady state and fault state
conditions. The fault occurs at two fault locations P1 and
P2. Where P1 is located at 1 km from wind turbines and P2
is located at 26 km from wind turbines. By studying the effect
of fault location, in the cases of single line to ground fault and
double line to ground fault the wind farm has the ability to
stay connected under fault condition with or without STAT-
COM connection either when the fault occurs at points P1or
P2 for 88 ms duration time. But in case of three-line to ground
fault with or without STATCOM the wind farm has ability to
10 O. Noureldeen et al.stay connected to the grid when the fault occurs at the point
P2. In case of three-line to ground fault occurs at the point
P1, the wind farm can stay connected to the grid only when
the STATCOM is connected. By studying the effect of fault
duration time, in case of single line to ground fault, the wind
farm can stay connected to the grid in case of 80 ms and
150 ms fault duration times when the system operates with
or without STATCOM. In case of double line to ground fault,
when the system operates without STATCOM, the protection
system trips the wind farm due to under-voltage condition in
case of fault duration time equals or exceeds than 97 ms. But
when the STATCOM is connected, the system can return back
to steady state and the wind farm can stay connected to the
grid. In case of three line to ground fault, when the system
operates without STATCOM, the protection system trips the
wind farm due to under-voltage condition in case of fault dura-
tion time equals or exceeds than 88 ms. But when the STAT-
COM is connected, the system can return back to steady
state and the wind farm can stay connected to the grid.
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